Richard Bright (1) in 1836 remarked upon the watery condition of the blood in the edematous phase of disease of the kidneys and attributed it to a loss of albuminous substances into the urine with a resultant thinning of the blood. Since that time numerous investigators, aware of the role of the kidneys in the excretion of water and electrolytes and of the relation of the blood protein concentration to edema, have studied the water balance in Bright's disease, many with particular reference to the total amount of circulating blood and the changes in the plasma and total blood volume which occur during the edematous stage of renal disease and during diuresis.
The evaluation of the few reports in the literature on the state of the blood volume in Bright's disease is difficult because of the variety of methods of determining the plasma volume employed, the wide divergence in normal values obtained by these methods, and the lack of a consistent clinical classification of the cases of nephritis studied.
Several authors give no further description than that their cases had " renal edema." Thus Plesch (2) using a CO method and Schmidt (3) using a Congo Red dye method of determining the blood volume found total blood volume above normal, while Waterfield (4) using a CO method found it decreased, and Linder et al. (5) reported plasma volume as determined by a dye method to be normal in cases with " renal edema. " Hartwich and May (6) and Litzner (7) , both of whom used dye methods, found a normal plasma but high blood volume, whereas Rusznyak (8) with a dye method found total blood volume to be subnormal due to a lowered red cell volume. In chronic glomerular nephritis Brown and Rowntree (9), using the original dye method, reported plasma volume to be normal and total blood volume decreased in 12 cases, but Hartwich and May (6) reported 6 cases with increased and 4 with decreased total blood volumes.
Darrow (10) reported 2 cases of " nephrosis" studied by a dye method with subnormal total blood volumes, while Brown and Rowntree (9) found total blood volume normal, if no anemia was present, and above normal in their anemic cases. Waterfield (4) stated that in the edematous stage of renal disease total blood volume was least when the amount of edema was greatest and rose during diuresis due to an increase in plasma volume, this latter finding being in agreement with that of Darrow (10) . Brown and Rowntree (9) concluded that the mechanism of diuresis was different in chronic nephritis than in " nephrosis," since in the formner condition total blood volume decreased, but no constant change in either plasma or red cell volume was observed in the latter during diuresis.
Rusznyak (8) reported very low total blood volume in 24 cases of " extra-renal" hypertension. He also made the interesting observation that only in a group of cases with " contracted kidneys " was the total blood volume ever greater than normal.
It is apparent that the available information concerning the state of the blood volume in hypertension and nephritis is of a contradictory nature, and we, therefore, considered it worth while to re-investigate the subject using a method (11) Group I: Seven males and 6 females with chronic glomerular nephritis without renal edema. Characteristic of this group was persistent albuminuria and cylindruria and varying degrees of anemia, hypertension, impaired renal excretion of phenolsulphonephthalein and blood nonprotein nitrogen retention.
Group II: Two males and 2 females with acute hemorrhagic nephritis. All of these cases had albuminuria, hematuria, and anemia.
Group III: Nine males and 1 female with subacute glomerular nephritis with renal edema (nephrosis syndrome). All of these cases had profuse albuminuria, doubly refractile lipoid bodies in their urine, high blood cholesterol, low basal metabolic rates, and varying degrees of elevation in systolic and diastolic blood pressure and of hypoproteinemia with distortion of the normal albumin-globulin ratio. In 6 of these cases the course of the blood volume was followed by repeated determinations during the course of diuresis.
Group IV: A mixed group, who presented in addition to renal disease with or without renal failure the common finding of congestive heart failure, consisting of 1 female with bilateral polycystic kidneys (Case 368), 1 male and 2 females with chronic glomerular nephritis (Cases 359, 380, and 403), and 1 male and 1 female with chronic vascular nephritis (Cases 393 and 374).
Group V: Five males and 11 females with essentili hypertension. In all cases systolic blood pressure was 160 mm. of mercury or above, and in none was there evidence of renal insufficiency or congestive heart failure.
METHODS
Plasma, circulating red cell, and total blood volume were determined by the dye method of Gibson and Evans (11) , venous pressure by the direct method of Evans (13) (17) and Koch and McMeekin (18) .
RESULTS
Height was taken as the basis for prediction of normal volume, since surface area as a basis would have given a distorted normal value in those patients who had extensive edema and in those who were cachectic in the non-edematous stages of their chronic disease.
Plasma, circulating red cell and total blood volume, blood chemistry, hematology, and hemodynamics in Groups I, II, III, and IV are shown in Table I and the corresponding findings in Group V in Table II .
The distribution of cases in Groups I, III, and V in terms of percentage deviation from predicted normal plasma, circulating red cell and total blood volume is shown in Figure 1 . The normal range of plasma, circulating red cell, or total blood volume may be considered to be plus or minus 15 per cent (19) . The statistical method of determining the standards of normality employed in this study is such that the average values in terms of percentage deviation from normal for any group of individuals with essentially normal plasma and total blood volumes will closely approximate zero. Therefore, in abnormal groups, the averages of deviations from normal represent significant departures in plasma, circulating red cell, and total blood volume from the normal state characteristic of the common diseased state of the members of the group, even though the average values themselves may fall within the accepted range of normality. It is, therefore, evident from the average values that the hypertensives constitute a group with plasma, circulating red cell, and total blood volumes well within the range of normality. In Groups I and III total blood volume is definitely subnormal, more so in the latter than in the former groups, due to a great reduction in circulating red cell volume, which in both groups is considerable enough to more than offset a higher than normal plasma volume. and total blood volumes, the degree of reduction being comparable to that of Groups I and III. LOAU^T
The relationship of the degree of abnormality 'UUR in plasma, circulating red cell, and total blood volume to the red blood cell count in Groups I to IV inclusive is shown in Figure 2 . The values for Groups I, II, and III were averaged together. A definite tendency is evident for the plasma volume to increase and attain higher than normal levels and for the circulating red cell volume to At decrease further below normal as the red blood ¢ cell count declines. The interrelation of these 'r It changes is such that total blood volume remains $" below normal in about the same degree regardless u of the erythrocyte level.
or Changes in the plasma, circulating red cell, and t< total blood volume taking place in 6 cases of subacute glomerular nephritis with edema during periods of diuresis are shown in relation to changes in body weight in Figure 3 . No consistent relationship between changes in the amount cell, and total blood volume within normal limits. In subacute and chronic nephritis the great reduction in circulating red cell volume more than offsets the elevation in plasma volume so that total blood volume is below normal, and these deviations from normal are more extreme in the edematous than in the non-edematous phases of the disease. Figure 4 shows the circulation time in Groups I, II, III, and IV in relation to the red cell count.
While the majority of determinations were within normal limits, the average trend did not indicate an acceleration of blood flow as anemia progressed, but rather the opposite condition. Values for cases in Group IV (with congestive heart failure) were definitely above the average for the other groups.
The degree of abnormality in plasma, circulating red cell, and total blood volume found in the 6 cases in whom renal disease was accompanied by congestive heart failure (Group IV) are shown in Figure 2 in relation to similar findings in the groups without cardiac insufficiency. The significance of these results will be considered in the discussion. Table I (11) and may explain to some extent the general inconsistencies encountered in the literature. It would seem that the findings of a normal plasma volume (5, 9) and increased total blood volume (6) in chronic glomerular nephritis without renal edema are in error. We also differ from Brown and Rowntree (9), who stated that in "nephrosis" (in our terminology subacute glomerular nephritis with renal edema) total blood volume was normal when the disease was uncomplicated by anemia, and higher than normal when anemia was present. The majority of our cases had subnormal total blood volumes, and as the anemia progressed, further diminution occurred. We cannot agree with Brown and Rowntree (9) in their statement that in " nephrosis " loss of edema is accompanied 
FIG. 4. CIRCULATION TImE IN BRIGHT'S DISEASE
As anemia progresses circulation time does not become faster as it does in primary and secondary anemia, and tends to be slower in the edematous than non-edematous cases. The average trend in both types of nephritis is indicated by the solid line. In congestive heart failure circulation time is slower than in nephritis without cardiac insufficiency regardless of the degree of anemia present. The broken line indicates the change in circulation time in Case 368 during recovery from congestive heart failure. 532 6 by no significant changes in either plasma or red cell volume, as in our cases large changes in these blood volume components were observed during periods of diuresis.
In our opinion it may be stated definitely that in subacute or chronic glomerular nephritis with or without renal edema or renal insufficiency but without congestive heart failure the plasma volume is above and the circulating red cell and total blood volume are below a normal value for that individual in a state of good health. The diminution in circulating red cell and total blood volume tends to be more severe in subacute glomerular nephritis with renal edema (nephrosis syndrome) than in glomerular nephritis without edema.
There is a tendency towards a linear relationship between the degree of elevation above normal in the plasma volume and of decrease below normal in circulating red cell volume and the red cell count in nephritis. While this relationship is not numerically identical with that found in primary (20) and secondary anemia (21) , it is similar in many respects. A distinct difference in respect to total blood volume exists, however, in that in primary anemia, as the red cell count rises to 5 million under liver therapy, the total blood volume increases to normal, whereas in Bright's disease, total blood volume remains below normal regardless of the erythrocyte level. The reason for this difference is not clear from the data obtained in this study and merits further investigation. With this exception in respect to the state of the blood volume the anemia of Bright's disease presents a striking similarity to primary and secondary anemia.
Of particular interest is the relationship of the course of the plasma volume to alterations in other factors known to affect body water regulation. That these factors may alter the plasma volume in opposite direction and varying degree is strongly suggested by the data presented in Figure 3 , in which it is apparent that in an individual case the loss of a given amount of edema fluid is not accompanied by a constant change in plasma volume.
Our data permit us to examine the influence of 3 factors upon the plasma volume, namely the serum albumin concentration, the blood urea nitrogen concentration, and the degree of anemia present as expressed by the red cell count. In Figure 5 the percentage abnormality in plasma volume is shown in relation to the serum albumin concentration. The average values indicate a tendency for plasma volume to increase as serum albumin increases. An identical relationship was found to exist between the plasma volume and the total serum protein concentration. In Figure  5 a similar tendency towards a direct relationship between plasma volume and blood urea nitrogen is illustrated. The increase in plasma volume accompanying a declining red cell count in both primary and secondary anemia has been commented on above and is illustrated with respect to the cases of nephritis herein studied in Figure 2 .
The effect of these 3 factors on the course of the plasma volume in the 6 edematous cases followed during diuresis is summarized in Table III . The conformity of the observed change in plasma volume to the change predicted on the basis of the sum total effect of variations in the 3 factors is striking.
This concept of the interrelationships of 3 factors regulating the balance between plasma and extravascular fluid is in keeping with the views expressed in the literature. Since the clinical application by Epstein (22) a-+ glomerular nephritis. The lowered basal metab-,olism that obtains in nephrotic cases is well known. The circulation time is slow in myxedema (35, 36) even when uncomplicated by anemia. In our opinion the depressed metabolism of the nephrotic cases probably accounts for the relatively slow blood flow at the levels of anemia exhibited by these patients.
There remain for final consideration those cases with renal insufficiency who were in congestive heart failure. In spite of the fact that these patients were moderately dehydrated and cachectic in the later stages of their progressive disease, conditions in which one would expect to find a hypovolemia, total blood volume was well above normal limits and considerably higher than the average of either Groups I or II. Circulating red cell volume was above normal in Cases 359, 374, and 393, all of whom had chronic vascular nephritis and had never progressed to the stage of azotemia and anemia, which was however the clinical condition preceding congestive failure in Cases 368 and 380. In these latter 2 cases, despite their anemia, circulating red cell volume was definitely above the average level found at a corresponding red blood cell count in the nephritics without congestive failure. The elevation above normal total blood volume was not as great as the average increase above normal in congestive heart failure due to valvular disease or chronic myocarditis (37) .
SUMMARY
In this study we have observed the course of the plasma and total blood volume in nephritis. Three factors appear to be concerned in the regulation of the plasma volume: serum albumin concentration, nonprotein nitrogen concentration, and the degree of anemia. The effect of these factors has been described. Regardless of the stage of the disease, whether acute, subacute, or chronic, with or without edema or renal insufficiency, the level of the plasma volume reflects the interrelationship of these 3 factors. The relationship of the changes in plasma and circulating red cell volume is such that the total blood volume always remains below normal.
With development of congestive heart failure, regardless of the degree of anemia present, an additional factor appears to be introduced resulting in an increased circulating red cell volume and hence, increased total blood volume. CONCLUSIONS 1. In Bright's disease plasma volume tends to vary directly with the serum albumin concentration and blood nonprotein nitrogen concentration and indirectly with the degree of anemia present.
2. In the edematous stage hypoproteinemia tends to diminish, and, if present, anemia tends to augment the plasma volume.
3. During diuresis there is a tendency for plasma volume to increase chiefly in relation to the increase in the albumin fraction of the serum protein.
4. The interrelationship of changes in plasma and circulating red cell volume is such that total blood volume is below normal in all stages of the disease.
5. When congestive heart failure occurs in patients with chronic nephritis, plasma, circulating red cell, and total blood volume are definitely above average levels found at comparable levels of anemia in patients with chronic nephritis but without congestive heart failure.
6. Circulation time in the group of cases exhibiting subacute glomerular nephritis with edema (nephrosis syndrome) was slower than in the group with chronic nephritis without edema. The lowered metabolism characteristic of the former group may explain this paradoxical finding.
